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Abstract 
The initiation mechanism of volcanic eruptions has long been a matter of debate. Injection of new 
magma into a shallow crustal magma reservoir and following magma mixing is often considered as a 
trigger of volcanic eruptions. The processes leading to the eruption have, however, been still poorly 
constrained. The vigorous explosive eruptions (Plinian eruptions) at the Sakurajima volcano, Japan, 
repeated three times since the 15th century are also the cases, namely, the magmas are the mixing products 
of basaltic‒andesitic and dacitic magmas. In this thesis, I investigate magmatic processes just prior to the 
Plinian eruptions for the purpose of understanding the initiation mechanism.  
On the basis of the pressure at which volatile components in phenocryst-hosted melt inclusions 
and plagioclase rim compositions were finally equilibrated, magma storage depths immediately before the 
historic Plinian eruptions are estimated to be 0.9–3.2 km, which are much shallower than the depths of 
magma reservoirs inferred from geophysical observations. I propose a novel precursory process “magma 
pre-charge,” in which magma was loaded to a shallow thick conduit prior to each eruption. Judging from 
the thickness of the outermost rims of plagioclase phenocrysts, this magma pre-charges should have 
occurred at least a few tens of days before each Plinian eruption. 
I demonstrate that the final magma ascent to the surface started after the quiescent stage without 
magmatic perturbation on the basis of compositional characteristics of phenocrystic titanomagnetites, 
namely, they are homogeneous within each crystal but diverse among the crystals. This indicates that 
magma mixing was not the immediate trigger of the Plinian eruptions. Based on the diffusive 
re-equilibration timescales of a zoned titanomagnetite crystal, the quiescent period is estimated to be longer 
than a few tens of days. This is consistent with the previous estimate from the plagioclase rim growth 
driven by the decompression upon pre-charging. 
Partitioning of Ti, Al, Mn, and Mg between titanomagnetite and rhyodacitic melt is investigated 
experimentally at 925–1050 °C, 50–150 MPa, and an oxygen fugacity of Re-ReO2 buffer in both 
titanohematite-free and -bearing systems in order to make use of titanomagnetite composition as a tracer of 
pre-eruptive magmatic processes. Compilation of the previous partitioning experiments in andesitic to 
dacitic magmas in addition to the results of the present study shows that the partition coefficient of Ti 
depends practically only on oxygen fugacity. This behavior of Ti partitioning indicates that TiO2 content of 
titanomagnetite in natural titanohematite-free magmas, such as the Sakurajima magmas since the 18th 
century, decreases with increasing temperature (i.e., increasing absolute oxygen fugacity) at a constant bulk 
chemical composition. The inter-grain variation of titanomagnetite compositions in the 1914 Plinian 









似した噴火推移を辿った 1779 年の安永噴火と 1471 年の文明噴火の 3 回の大規模噴火の斑晶メル
ト包有物と斜長石斑晶の化学組成を詳細に分析することで、これらの噴火を引き起こしたマグマ
が、噴火の直前にはいずれも火山体直下の浅部火道（深さ約 1～3 km）に蓄積しており、これま












定し、酸素分圧がマグマで緩衝された条件では、Ti, Mn, Mg の磁鉄鉱分配係数が温度とともに増
加すること、Mg の分配係数は圧力とともに低下すること、Ti の分配係数はマグマの温度上昇・酸
素分圧上昇に従い低下することを明らかにした。この結果は、チタン鉄鉱と共存しない多くの安
山岩質マグマ中の磁鉄鉱組成から、マグマの温度履歴を辿る新しい方法を提供する。以上の成果
は、新谷直己が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して
おり、本博士論文は，博士（理学）の学位論文として合格と認める。 
 
